The small bowel has been a difficult organ for gastroenterologists to evaluate. Small bowel radiographs and CT scanning have not had a high diagnostic rate, especially in patients presenting with small bowel bleeding. The video capsule "endoscope" has allowed for the direct visualization of the small bowel mucosa. This new technique provides direct viewing of the entire small bowel much like conventional endoscopy.
Introduction
Since the late 1950s, fiberoptic endoscopy has become the mainstay for diagnostic and therapeutic gastroenterology. Endoscopy has progressed to video chip endoscopes with high-resolution images and an ability to perform multiple therapies with the endoscope.
As communication technology is advancing into the wireless age, so too is endoscopy. Wireless video endoscopy is no longer a concept but is being used around the world, everyday. Video capsule endoscopy (VCE) has made the small bowel accessible to highly accurate endoscopy images for diagnosing small bowel diseases. This area, for the most part, was out of reach to traditional endoscopy.
Small bowel bleeding
Gastrointestinal bleeding is one of the most common problems seen by gastroenterologists. Most patients can be diagnosed and treated with endoscopic therapy through gastroscopy or colonoscopy. Between 3 and 5% of gastrointestinal bleeding problems are classified as obscure or undiagnosed [1••]. These patients often have lesions in the small bowel, out of reach from the usual endoscopic techniques.
Small bowel push enteroscopy can visualize more of the small bowel than traditional gastroscopy, but there is still a large area of the small bowel that is not seen.
Vascular abnormalities are the most common cause of small intestine bleeding. They make up 70 to 80% of the lesions found to cause bleeding [1••] . The most common of these lesions are angioectasias. These lesions are composed of small, dilated blood vessels with weakened walls. Telangectasias are somewhat different in that they are more numerous and diffuse, tend to recur, and are associated with mucous membrane and cutaneous lesions. Examples of these are seen in the hereditary hemorrhagic telangectasia syndrome (Osler-Weber-Rendu syndrome) and the CRST (calcinosis, Raynaud sclerodactyly, telangectasia) syndrome. Dieulafoy lesion, also known as caliber persistent artery, is classically described in the proximal stomach. However, it has been described throughout the intestinal tract. The lesion is a dilated, fragile artery located directly adjacent to the mucosal surface. A pinpoint ulcer often overlies the artery and is the source of bleeding. Other vascular lesions include vascular enteric fistulas and small bowel varices.
Small bowel neoplasms account for between 5 and 10% of cases of small bowel bleeding [2] . These focal masses can be benign or malignant, primary or metastatic tumors. As a group they make up about 5% of all tumors in the gastrointestinal tract. Benign lesions are more common but tend to present with more vigorous bleeding. Leiomyomas are the most common lesion from this group. They are highly vascular and may present with acute bleeding. Other tumors that tend to grow more slowly and present with slower blood loss include adenomatous polyps and other polyps from the various polyp syndromes, stromal tumors, carcinoid tumors, lymphoma, and adenocarcinoma. Metastatic lesions can occur from a variety of sites. The most common sites to metastasize to the small bowel are melanoma and breast cancer. Others include renal cell cancer, ovarian cancer, Kaposi sarcoma, and pancreatic cancer.
Ulcers and other inflammatory lesions of the small bowel can cause brisk bleeding or slow blood loss. They make up another 10 to 12% of bleeding lesions in the small bowel [1••]. Crohn disease is the most common in this group and can present with chronic anemia or rapid blood loss. Other ulcerating lesions can be seen in the setting of nonsteroidal anti-inflammatory drugs. These drugs can cause bleeding ulcers or obstructing webs from chronic inflammation and scar tissue. These webs often have small ulcers associated with them. Other ulcerating conditions include Zollinger-Ellison syndrome, vasculitis, ischemia, and infections such as cytomegalovirus, histoplasmosis, and tuberculosis.
Diverticular disease in the small bowel is less common than diverticular disease of the colon. This can cause bleeding in a similar fashion, though less common. As in colonic diverticular bleeding, there appears to be a diverticulum at the site of a penetrating artery, which is the source of the bleeding. The exact mechanism is still unclear. Meckel diverticulum is a different issue and is a common cause of gastrointestinal bleeding in patients under the age of 25 years [1••]. Often there is ectopic gastric mucosa causing ulceration and bleeding. Nuclear medicine scanning, with a technetium-99 Meckel scan, has been very accurate in diagnosing this condition.
Diagnostic studies
Diagnosing small bowel bleeding has been difficult. The diagnostic studies available have had a low rate of success for making an accurate diagnosis. Traditional barium studies of the small bowel and CT scanning have had a diagnostic rate between 5 and 10% [1••,3••]. These diagnostic studies are designed to image threedimensional lesions such as ulcers and mass lesions. Unfortunately, the vast majority of bleeding lesions are not exophytic and therefore are not diagnosed by these studies. Tagged red blood cell bleeding scans are not helpful in these cases due to the mobility of the small bowel.
Angiography has a success rate of 25% if there is no bleeding at the time of the study. If there is bleeding at a rate of 0.5 mL/min, the diagnostic rate is 40 to 50%
Endoscopic procedures allow for therapy if a lesion can be found. Upper endoscopy and push enteroscopy can locate the bleeding site between 40 and 50% of the time [5•,6••,7••]. However, the entire small bowel cannot be visualized and push enteroscopy is not well tolerated by patients. Intraoperative enteroscopy is considered the most accurate but also the most invasive. A diagnosis is made between 70 and 80% of the time but this study requires a skilled surgeon, an endoscopist, and a laparotomy [7••,8] . The limitations of traditional radiographic and endoscopic examinations of the small bowel have stimulated interest in new techniques of small bowel imaging.
Video capsule endoscopy
From 1998 to 2000, research was conducted on new methods to visualize the small intestine. Gong et al. [9] initially used small semiconductor cameras surgically placed into animal models. Batteries provided the power and the signals were transmitted using microwaves. These early, successful studies led to miniaturization of the components to make a smaller device. By 2000, a small device was built that could be swallowed and transmit digital images in a wireless fashion using ultrahighfrequency radio waves and smaller semiconductor technology [10, 11] . The device traversed the intestinal tract by peristalsis and transmitted the signals to a sensor worn by the patient.
The current model of the wireless video capsule endoscope is 20 mm long and 10 mm wide and contains everything that is needed for an endoscopic examination of the small bowel ( Fig. 1 ). Light-emitting diodes provide the light source. There is an optical dome and a lens to focus images to a metal oxide semiconductor, which captures the images. The digital signal is then transmitted via an integrated circuit transmitter to a sensor array worn by the patient. This sensor array is much like a series of electrocardiogram leads. The power for this system is provided by two batteries, which allows the system to be wireless. The batteries provide power for about 8 hours.
The digital signals detected by the sensor array are recorded in a portable hard drive, which is also worn by the patient (Fig. 2) . This device is 6 inches × 4 inches and is powered by a battery pack, which is worn by the patient. An image is captured every 2 seconds during the 8-hour examination, which provides 50,000 images to the data recorder.
Once the study is complete, the information in the portable hard drive is downloaded to a computer with software available to read and translate the study. The software generates video images and trims redundant information to produce a study, which can be read by the physician in 50 to 60 minutes. The redundant images are determined by comparing pixels of each image. Then, exact duplicates are eliminated if they are in succession.
The VCE has been shown to be an accurate diagnostic device. The VCE provides high-quality images of the mucosal surface of the entire small intestine. The resolution and quality of the images are similar to that of video images from previous-era fiberoptic endoscopes. The color and anatomy are true to life, but the extreme sharpness and magnification of today's video endoscopes are superior. The folds and even the villi are well seen because there is no air insufflation to compress these structures. For these reasons, VCE has proven to be a superior diagnostic tool for mucosal diseases of the small bowel.
The current indications for small bowel VCE are small bowel bleeding of obscure origin, evaluation of the ex-tent of known Crohn disease, and evaluation of the small bowel in the setting of various polyp syndromes (Table  1) . Other uses, which are not current indications, could include chronic abdominal pain and chronic, undiagnosed diarrhea. We have found the study to be very useful in the setting of polyp syndromes. However, there appears to be little utility in the setting of either chronic abdominal pain or chronic diarrhea with no previous diagnosis or abnormalities seen on other studies [12•]. In the area of small bowel bleeding, VCE has been shown to be superior to all other modalities except intraoperative endoscopy in diagnosing potential bleeding sites ( Interpreting the VCE study requires training, but the ability to read them well is learned quickly. The images are very similar to other endoscopy studies. The color and normal features of the mucosa are similar, and the abnormalities can be readily recognized with experience and training. The study is read in frames, or images per second, and it does take time to find a comfortable rate of speed to read these studies. Practitioners with experience in endoscopy often find the transition not very difficult.
Although VCE is considered a painless and relatively noninvasive study, there are potential risks during the procedure. The main risk is capsule retention, requiring surgery, due to a stricture in the small bowel. Therefore, a history of a small bowel obstruction is a contraindication for the VCE study (Table 1) . When unexpected capsule retention has occurred, the capsule has not cause an acute obstruction. The capsule is coated with slippery material to allow it to increase the ease of swallowing the capsule. This coating also avoids the impaction of the capsule in a stricture. Therefore, acute bowel obstruction has not been observed. In cases of capsule retention, the capsule is noted to provide repeated images of an area of the small intestine. Follow-up radiographs readily demonstrate the retained capsule. The capsule does not need to be removed urgently, and in some cases it will eventually pass. Surgery is likely to be needed if the capsule has not passed in 2 to 3 weeks. It is most important that patients do not go near or have MRIs before the capsule Table 4 . "Other" diagnosis found in 27 cases 7 Crohn disease (Figs. 8 and 9) 3 gastric antral vascular ectasias 4 polyps ( Fig. 10) 1 Meckel diverticulum 1 graft-versus-host disease 4 jejunal webs (Figs. 11,12 ) 1 small bowel varrices 3 celiac sprue (Fig. 13 ) 2 anastomotic ulcers 1 small bowel adenocarcinoma (Fig. 14) has passed or is removed. At our institution, we have a retained capsule rate of 2% (Table 3) .
On several occasions at our institution, VCE has made a diagnosis and has localized the problem for the surgeon because of capsule retention (Table 4 ). This is the only positive aspect to this occurrence. The most common cause for capsule retention is a partially obstructing web, often with small ulcers, due to use of nonsteroidal antiinflammatory drugs [26••]. These are not seen on small bowel follow-through radiographs or CT scans and the studies appear to be normal.
Other contraindications include pregnancy, swallowing disorders, and cardiac pacemakers and automatic implanted cardiac defibrillators (Table 1) . With regard to the implanted devices, pacemakers, and automatic implanted cardiac defibrillators, the problem can be overcome by activating the capsule device outside of the procedure room. The capsule is packaged with a magnet, which keeps it "off" until it is removed from the package. With the magnet out of the room, the active capsule can be given safely, to these patients.
The future of video capsule endoscopy
The future advances in VCE are directed at efficiency of reading the study, possible therapeutic options, and use in the colon. Software has been added to the original system for blood detection and localization of the capsule in the abdomen. These features allow for a quick over-view of the entire study to see whether there is any obvious bleeding site and to give a rough estimate of the location of lesions within the small bowel. These quickview features do not substitute for a complete reading of the study, which takes from 45 to 55 minutes. In an attempt to reduce the time of reading, a double-screen viewing system has been added. This type of image review requires practice, but it may reduce viewing time.
Ideas for therapeutic interventions such as delivery of medications to a site of disease and possibly the use of lasers have been discussed. Two problems to overcome would be navigation of the capsule, and real-time viewing of the study, which could take several hours.
The use of VCE in the colon, as a screening tool, certainly has attractive aspects. However, some large problems need to be solved before this can be a reality. Preparation of the colon, slow transit, and the relative size of the colon make adequate viewing of the colon impossible at this time. Improvements in technology may help overcome these obstacles.
Conclusion
Video capsule endoscopy is a safe, noninvasive method for directly imaging the small bowel. It is well tolerated by patients and has a higher diagnostic yield than other available modalities to examine the small bowel. VCE is a valuable tool in the diagnosis of small bowel diseases, especially bleeding lesions and Crohn disease. Its use in chronic abdominal pain is limited and has not shown much utility. Future uses in the areas of increased effi- ciency in reading, intervention, and colonic uses, will be determined by advances in technology.
